Improved performance of concrete structures will depend on the willingness and ability of all partners in the repair field to cooperate in creating scientifically based technology.
INTRODUCTION
According to Associated General Contractors of America, costs for necessary repairs and improvements to the nation's infrastructure will amount to $3.3 trillion for a period of 20 2nd International Symposium on Advances in Concrete through Science and Engineering 11-13 September 2006, Quebec City, Canada years. This estimate was published in 1991. Taking into account that the present estimated annual world production of concrete exceeds four billion cubic meters and some of it is highstrength ("high-performance") with proliferation of cracking problems, the necessary repairs and improvements to the world's infrastructure will cost the society more than was estimated.
Considering that many repaired structures fail to perform as designed, and are in need of replacement or following repairs in just a few years after being repaired, the situation deserves special and immediate attention. The field of concrete repair/rehabilitation technology will require scientific and industrial leadership in the next decade because this is one of the several areas expected to experience unbelievable growth.
Consequently, improved performance of concrete structures will depend on the willingness and ability of all partners in our repair field to cooperating in creating scientifically based repair technology.
Science and concrete literature all over the world was accorded considerable attention to the durability of concrete structures in general. Notwithstanding, there is very little research data or information available today to enable us to deal with the durability of repaired concrete structures, especially concerning a very complex issue of continuing corrosion of reinforcement. Such a research is, of course, not an easy one due to the complexity of the object, involving a number of more or less known parameters and also various unknown, which make the interpretation of the results extremely difficult. Yet an adequate analysis and understanding of the problem is just the critical thing that can help us make repaired structures longer lasting and more economical. The purpose of this paper is to review the present problems, to examine the options, while identifying the areas of difficulties in taking these forward.
The design and construction of concrete repair projects, especially in severe conditions, can no longer be left to older rule-of-thumb methods when modern technical and economic limitations are set.
The thoughts in this paper are directed to people from different continents, different backgrounds, and with different professional experiences and activities. Unfortunately, what we all probably share is that too often we find ourselves directly or indirectly dealing with inadequate concrete repair performance. There is no question that everybody is trying to do the best job, but somehow the end product -repaired structure -is often not so good as it should be, and problems with concrete repair, unfortunately, are commonplace.
The last 15 or 20 years have shown considerable improvement in concrete repair research and technology but we still are in need of a further change. The majority of the participants of this symposium are researchers and educators; and this paper is about shortcomings in research which are, to a large degree, the reason for shortcomings in concrete repair practice.
in great quantities to create comfortable living environments as well as construct the infrastructure necessary for the social systems that support our lives.
As we already defined the purpose of research and we approach the problems with the research in the concrete repair field, it might be well also to define, what is research from the author's viewpoint? It may be defined as the honest, intelligent and painstaking search for useful truth. As such it exists for the practical good it produces or will produce in the future; and any activity carried on only because one likes it, or it pays well, or just for mental gymnastics, does not come within this definition, and should not be dignified by the name "research". The researchers must try to determine what the real-life problems are before they start to solve them; unfortunately, often it appears like: "we have a solution -we are looking for problems." On several occasions the author was as guilty in this respect as the next person, and he has better to admit it.
Of course, what a scientist does should be composed of two interests: the interest of practice and his own interests. Newton turned naturally to astronomy because it was a subject of his day, and because finding a way at the ocean had long been a practical problem of the society in which he was born. Faraday worked all his life to link electricity with magnetism because this was a glittering problem of his time. A more modest example: the mathematical methods of automatic control, cybernetics, have been developed because it was time communications and control became forms of power. These research achievements have been directed by practical needs, and the results were very useful for real progress. Neither Newton nor Faraday, nor yet Norbert Wiener, spend their time in a scramble for resolving non-existent problems.
One can disagree with the author's skepticism, but in any science or engineering an honest skepticism is the beginning of progress. Too easy and general acceptance of some questionable theories and practices results in marking time and then retrogression.
Concrete technology in general is not such an advanced field of knowledge as many others ( Figure 1 ) [1] . Many of us in the concrete repair field will, most likely, confess that we view research activities and success in practice in other fields with a degree of awe which may cause a sense of inferiority. But the successful fields have their own problems and one of them is -a wide gap, a "No-Man's Land" between research and practice; all of them are trying to shorten this gap.
2nd International Symposium on Advances in Concrete through Science and Engineering 11-13 September 2006, Quebec City, Canada
One of the greatest ills is considered the long lag between research and practice -the time elapsing between the findings of research and their acceptance and application by engineering practitioners. The engineer is really the person expected to bridge the gap between research and practice. The engineer in the concrete repair field, unfortunately, does not have anything to bridge. We do not have a gap to be bridged; on the best there are few "hairline cracks".
Sixty-six years ago a strong plea was published in the ACI Journal to "shorten the lag between research and practice," on the basis that the time lag was too great between the findings of research and their acceptance and application by engineering practitioners. In the field of concrete repair perhaps the only field of engineering, we are on the verge of a reversal of that situation. Research is not occupying its time-honored place well ahead of practice, and in some areas it is lagging behind. It should be immediately obvious that if we can find a way to produce a substantial gap between research achievements and practice, the engineering will take care of bridging it. The paper will not present a check list of shortcomings, mistakes and problems caused by inadequate research. Rather, it will explain why several issues considered here are critically important for further improvements in the concrete repair field. This paper is not providing detailed recipes for concrete repair with an appropriate "long-term" service life. Once we To find possible answers to these questions, this paper will address the following topics:
• The meaning of durability of concrete repair; • The existing problems in achieving "durability"; • Conceivable solutions to design and achieve "long-term durability".
Unfortunately, some issues discussed in this paper are more complex and less quantifiable than others, which resulted in some aspects of the paper not being uniformly straightforward. Should this be annoying by eccentricity of style and presentation then apologies are due. It is very attractive and intriguing in keynote papers to describe the prospects, to predict or speculate about future developments. The author will stay away from the hazard of making guesses, because, considering my age, I don't want to be declared wrong when I am not there to argue the case.
GENERAL OBSERVATIONS
The problems in the concrete repair field, like in any other, regardless of whether they are caused by inadequate research, engineering or field practices, can all be attributed to human negligence.
Three types of human negligence usually occur. The first type is the mentioned earlier surprising unique situation -an absence of a gap between science and know-how, several areas where research input is urgently needed, but not being done. The second type of human negligence, the most frequent one, is related to condition evaluation of existing structures prior to repair and establishment of realistic project objectives. And, finally, the third type of human negligence is related to design and specification of repair, which to a large degree is a result of two of the above types of negligence, including shortcomings in research.
Although significant advancements have been made in regard to understanding physical, chemical and deformational phenomena responsible for concrete repair deterioration, the trend toward durable repaired structures has yet to be reversed. One of the reasons is that most of the critically necessary information from tests on durability, especially on corrosion, is in fragmentary form and cannot be easily synthesized into a complete understanding of actual, real-life effects on field repair. An over-reliance on test methods and specifications dealing with some critical aspects of repair performance has, therefore, became a part of the problem. That is why a feeling of uneasiness seems to be growing among the owners and users that repaired structures are not probably as durable as claimed by many of its overenthusiastic advocates -engineers.
Of course, the issue of concrete repair durability is extremely complex. The nature of the majority of the repairs involving corrosion of embedded reinforcement is that electrochemical stability of the steel in existing structure is destroyed. And what we are repairing is just the tip of the iceberg -the area which is the first to sacrifice itself. For long-term durability requirements the inherent vulnerability of the steel reinforcement -existing concrete -repair composite system must be analyzed and taken into account by the designer. But how? The research has to direct the designers.
It is quite obvious that repair durability has to be secured in the design of the repair project. However, researchers do not pay much attention to the electrochemical effects, incompatibility issues, or to the service life prediction. It seems that researchers of durability are not very interested in understanding how information on durability is utilized in design. It is a complex task since there is no such thing as "standard concrete repair" or "everyman's concrete repair"; each repair is a "custom-built" concrete repair. How does one accurately define a "standard" environment (internal and exterior) for the purposes of accelerated laboratory testing, when in the field practice no two repairs are exactly the same? However, the research community has all the capabilities and talent to offer reliable solutions; it is just a matter of will.
The inherent vulnerability of repaired structures depends mainly on the following:
• Existing within the structure (internal) chemical and electrochemical environment; • Interaction between internal and external environments;
• Changes caused by repair;
• Mass-transport processes;
• Compatibility/incompatibility in the substrate-repair system (cracking caused by restrained volume changes of repair materials)
The factors affecting the performance of concrete repair systems are intrinsic as well as extrinsic, so that to take them properly into account, the design team must have guidance and an adequate knowledge of physical, chemical and electrochemical phenomena of the interaction between existing substrate and repair, their internal environments and external environment, etc. Such guidance and knowledge are especially critical when the design is to ensure a specific service life of the repaired structure or the specific time to the next remedial action -requirements increasingly being invoked.
DURABILITY
The concept of durability is difficult to quantify and to use in practical design. This difficulty has led to the introduction of service life as a more operational way of describing the intentions for long-term durable structures.
The true qualification of the term "durability" in concrete repair is its expected service life to replacement of the structure or to the next remedial action, and it is usually specified, or has to be specified, as a given number of years.
The concept of repair durability is in a complex way linked with the concept of required service life or operational life also termed design working life. When ordinary durability of repaired structure (service life of 8-10 years) is needed, the failure to achieve it stems from human negligence in adapting not well consolidated yet adequate enough experiential knowledge. However, for relatively long-term durability (service life in excess of 10 years), the inherent vulnerability of the reinforcing steel to continuing corrosion must be carefully taken into account. The non-homogeneity of phases in a composite repair system also asserts itself adversely by creating conditions conducive to electrolytic corrosion of reinforcement.
Durability planning is a fundamental part of the repair design process that affects the success or failure of the project, the specifications and detailing, and needs to be carried out after a comprehensive condition evaluation of existing structure, and before the drawings and specifications are prepared. There are five main stages:
• Assessment of the existing condition of the structure and establishing performance requirements; detailed consideration of the likely deterioration and distress processes in different components of the repair system; • Modeling approach of service life of repaired structure;
• Detailed consideration of the consequences of continuing corrosion and deterioration to performance, probability and risk (experiential approach); • Recommendations for prolonging the service life (time to the next remedial action or replacement) by appropriate design, specifications, construction methods and quality control; • Pre-planned monitoring and adoption of maintenance strategy for the completed repair projects.
The majority of the structures being repaired are usually in the accelerated corrosion stage of embedded reinforcement ( Figure 2 ) [2] .
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The design team must identify clearly the critical significance and ramifications of the continuing, or even accelerated, corrosion problem. The risk of continuing corrosion in repaired structures is one of the truly insidious phenomena of electrochemical pathology. It is not difficult, in most of the cases, to identify the major causes of corrosion -chlorides and carbonation -but the effect of these in a composite repair system, the major transport processes, are much influenced by the existing internal environment, changes caused by the repair and by general and local climatic conditions. This involves an almost infinite combination of moisture, temperature and wind, creating a wide range of transport mechanisms of varying intensity.
When an existing concrete structure suffering from corrosion of embedded reinforcement and concrete deterioration is being repaired, some of the chloride contaminated concrete usually is left in place. In this case, there is always a risk that corrosion activity may continue or even accelerate, because the repair phase has a different moisture, oxygen and chloride content than the surrounding concrete, and strong corrosion cells may be established resulting in spalling of the repair itself or, more frequently, of the concrete around the repair. The holistic model of concrete repair failure is shown in Figure 3. 2nd
As part of that, there is a strong interaction between the internal environment, the changes in it caused by repair, the exterior environment and the internal and outer fabric of the repaired structure itself. All weaknesses (voids, microcracks -cracks network, weak bond to the reinforcing steel, etc.) will quickly be found out -and therefore there is a direct link between durability and electrochemical compatibility.
In repair systems, the internal environment is a moving target -it is constantly changing due to the existence of the internal transport mechanism in addition to the exterior transport processes. Water with dissolved salts may be transported by temperature and pressure gradients. Dissolved substances can also move by diffusion in water saturated concrete with a stagnant water phase if there is a concentration gradient. Finally, ions will migrate in an electric field, and this is what provides electrical conductivity in a repair system. Development of reinforcement corrosion and concrete deterioration becomes an overall synergistic process, a complex combination of a variety of individual mechanisms, the exact role, effect and contribution of each is not clearly understood. Variability in almost everything is typical for repair systems. Occasionally these variables cancel each other, but usually, as a rule, they are likely to be cumulative.
The synergetic effects of several critical diverse environments present along the electrically continuous rebar, in addition to differentials in stress states, significantly add to the complexity of the problem. The influence of the repair phase on the existing phase, change in chemical composition, distribution of aggressive agents, oxygen, moisture, admixtures and other factors on the electrochemical properties of the repair system all need to be considered.
If the steel in the repair area is only partially exposed with a reinforcing bar that is embedded halfway in existing, chloride-contaminated concrete and halfway in a repair material, strong corrosion cells may develop. The half of the bar in the existing concrete will become anodic and will corrode at a rapid rate, driven by the other half acting as a cathode. Repair phase deterioration and failure may develop this way in less than 1 year. If concrete is removed completely from around the reinforcement and replaced by a repair material, similar to above reactions can accelerate the corrosion of the steel at the perimeter of the repair in the surrounding existing concrete. The risk of corrosion in concrete repair due to electrochemical incompatibility between 'old' and 'new' portions of the structure is always present.
To summarize the criticality of the compatibility analysis for success or failure of concrete repair projects the following should be realized: the complexity of concrete repair system compared to new construction is caused by compatibility or incompatibility related problems.
Some of the differences between the repair and 'new' concrete are presented in Table 1 [3].
2nd International Symposium on Advances in Concrete through Science and Engineering 11-13 September 2006, Quebec City, Canada The new concrete structure of adequate quality is intended to protect embedded reinforcement from corrosion for the designed service life A repair of a reinforced concrete structure distressed/deteriorated due to corrosion of embedded reinforcement is intended to stabilize or minimize further corrosion. Continued corrosion will cause further deterioration and possibly disrupt the repair system.
Service life
The service life for "new concrete" structures with regard to corrosion of reinforcing steel, in accordance with the model proposed by Alexander [2] is broken down into initial, propagation, and acceleration stages, with primary parameters different in the three subprocesses (Fig. 1 ).
In repairs, we are facing, in the majority of the cases, the most severe stage -the propagation stage -and as a rule we are entering this stage when corrosion is at its maximum. By the repair, we are not returning the structure back to the initiation stage, and realistically not even to the early stages of propagation; not at all. The goal of a quality repair is to prolong the propagation stage or time before the next remedial action for as long as practically possible. A different level of reliability is associated with new construction than with concrete repair.
Cracking (dimensional compatibility)
It is easier to control cracking in newly constructed structures.
Restrained contraction of repair materials -the restrain being provided through the bond to the existing substrate -may lead to cracking, debonding, and finally to the corrosion of the reinforcement.
Electrochemical compatibility
In "new" construction, the entire reinforcement is surrounded by a relatively more uniform interior environment.
In repaired structures, the electrically continuous reinforcing system is affected by the simultaneous existence of diverse environmental conditions. By coating the reinforcing bar and therefore insulating it, a region of high differential in electro-potential is established at the borderline between old and new. At the point where the coating is stopped, a point of potential major corrosion is established. Upon completion of the repair, we have created an island of new material which is very different from the surrounding sea of undisturbed material. In doing so, are we setting up a potentially more corrosive situation than the one we started with?
Permeability compatibility
Low permeability concrete is a key to long-term durability of the structure. Low permeability offers the best protection of embedded steel from corrosion in "new" construction.
The low permeability "rule" does not necessarily apply to concrete repairs. A highly impermeable repair could restrict oxygen diffusion so that conditions for negative active corrosion and anaerobic corrosion could occur. 25 The highly dense, low permeability materials (incompatible with existing concrete) create new macro anodes due to chloride ion variation and oxygen ion deficiency.
(continud on Page 11)
Transport mechanism
All processes causing corrosion of reinforcing steel involve the transport In a repair system, in addition to transport phenomena through the protective cover, a complex interior 2nd International Symposium on Advances in Concrete through Science and Engineering 11-13 September 2006, Quebec City, Canada through the system. In new construction, in both the initiation and propagation stages, all critical deterioration mechanisms depend on aggressive substances penetrating from outside the concrete through the concrete protective cover to the reinforcement. Defining the aggressivity of the exterior environment in which the new reinforced concrete is to serve is a part of the design process.
transport mechanism between the repair phase and existing phase exists. Defining environmental aggressivity is still the weakest link in the design of long-term, durable repaired structures. In particular, there is difficulty in defining the changes in the interior environment in a new composite system caused by repair. The interaction between the constantly changing interior environment and exterior environment makes the task even more complex.
Condition of the interface between the reinforcement and concrete (bond)
Good bond between the reinforcing steel and surrounding concrete is critical for corrosion protection. In an adequate quality "new" reinforced concrete structure, a relatively uniform bond is achieved between the reinforcing bar and the concrete.
In repair, due to the concrete removal operation, there often is a weakened bond at the border of the repair with the existing concrete.
To ensure designed durability for repaired concrete structures, the events which threaten their durability must be identified. It must also be understood how the structures react to these events. This means that the aggressivity of the environment and the possible deterioration mechanisms should be identified at the design stage. The design of durable repairs with a correct performance will then have to concentrate on two parallel activities:
• Ensuring sufficiently slow deterioration by adequate resistance to the predicted internal and external environmental effects; • Providing satisfactory load-carrying capacity and safety under the expected loadings.
The flowchart of a concrete repair project design is presented in Figure 4 .
2nd
PROJECT OBJECTIVES -EXPECTED SERVICE LIFE
When an owner invests in the repair of a reinforced concrete structure, the design engineer usually provides the owner with an expectation as to the service life of the repaired structure. The best scenario is when the engineer is experienced in concrete repair technology and comes up with a service life based on the condition evaluation data analysis and his knowledge gained from observed behavior of existing or failed repaired concrete structures in conditions similar to that for the structure in question. The worst scenario, unfortunately, is when the engineer does not have the knowledge and experience, and comes up with a service life, which the owner likes to hear. Unintentionally, or sometimes intentionally, under the pressure "to get the project", we become liars, or as Hamlet put it, "Thus conscience doth make cowards of us all."
The first step toward improvement is to give the engineer the reliable scientifically developed tools to make the decisions concerning service life. In turn, the engineer will be able to educate the owners of structures to understand the basic decisions which govern the service life of their concrete structures. The challenge is for the design engineer to develop a design, and for the contractor to build a structure which will satisfy the owner's expectations for service life. How can the owner be provided with assurances that service life requirements will be met? Predictions as to the service life are usually based on one of the following approaches: a) Experiential approach, i.e. knowledge gained from the observed behavior of repaired concrete structures; b) Modeling approach, i.e. predictions based on mathematical modeling of existing and expected deterioration mechanisms, sometimes augmented by data generated by accelerated testing.
Both approaches have their pros and cons. The experiential approach can be criticized by those who note that there are no two repairs exactly the same. There is some validity to this argument. Thus the service life determined from examination of the performance of other repaired structures should be used with caution when predicting the service life of a given structure being repaired.
It is quite obvious that in repair service life models (which hopefully will be developed) it will be difficult to incorporate the synergetic effects of a number of aggressive elements and mass transport processes) simultaneously present in the external and internal environments, in addition to any temperature and humidity effects which can be very significant. However, to implement a mathematical model will allow us to learn so many things about the structure which we would never learn otherwise. The benefit of the modeling is the opportunity to gain an in-depth knowledge of the durability-related issues for a given structure.
In conducting service life prediction, irrespective of whether the experiential or modeling approach is utilized, it is important that a systematic view be taken of the environmental conditions and stresses to which the repaired structure is likely to be subjected.
In the view of this author, the most efficient and reliable way of service life prediction is a holistic method combining both modeling and experiential approaches. The ideal repair project procedure would start with the comprehensive condition evaluation, with the definition of the performance criteria related to the existing internal (within the structure) and external environmental conditions, and expected changes in these conditions caused by the repair, and service life prediction using the experiential approach. The next important element is the realistic modeling of the environmental actions and loads and the repair systems' resistance against these actions and loads.
The concrete repair industry, owners of the structures and the public are expecting the research community to make the necessary input on issues related to electrochemistry in repair systems, and on scientifically sound but user-friendly mathematical models for service life prediction. We need an integrated view of corrosion, life expectancy and corrosion protection methods in concrete repair. When we can do these at the design stage and control them to a reasonable degree during construction, we have reduced the durability problems to a fraction of what they are today.
REPAIR MATERIALS
Unquestionable progress is achieved in research, engineering and manufacturing in the area of repair materials. We have an extensive menu of repair materials capable of satisfying the needs of the industry. They have to be only intelligently specified, selected and used, which is, unfortunately, sometimes not the case.
The industry recently developed a standard material data sheet protocol which, if implemented, will end the anarchy and establish an order. But further improvements in this regard are necessary. It is no longer adequate for materials data sheets to list simply information on material properties. A serious effort should be undertaken to specify the environments in which these properties were determined and to extend the information to the effect of various environments which are known to reduce these usable properties. The argument that the environmental effects are varied and impossible to specify is presently an unacceptable answer to the problem -too many repair failures have occurred as a result of inappropriate specification and use of repair materials.
Another confusing issue is compatibility of repair materials with existing concrete. Almost fifteen years ago the term "compatibility" in concrete repair was defined as the balance of physical, chemical and electrochemical properties and deformations between repair and existing substrate that ensure that the composite repair system withstands all stresses induced by chemical, electrochemical effects and restrained volume changes without distress and deterioration over a designed period of time (3).
Many researchers, however, when addressing the topic of compatibility of repair materials with existing concrete are recommending to repair "like with like", to match the properties, and explaining incompatibility by the "properties mismatch". This conclusion is simply illogical because it is impossible to match the properties of the semi-liquid adhesive (repair 2nd International Symposium on Advances in Concrete through Science and Engineering 11-13 September 2006, Quebec City, Canada material) with the matured solid adherent (existing concrete) to begin with. The engineer, faced with such misleading guidance, may opt for materials having properties as close to those of the substrate concrete as possible. But very often the substrate concrete's inadequate quality is the cause of the problem. The temptation to seek parity of properties of the repair materials and base concrete is strong, but attempts to avoid "mismatch" founder on the definition of compatibility (4). This fallacy is not a theoretical case, it is a cause of numerous shortcomings and repair failures in practice. It excludes, for instance, the use of such effective and necessary for some repair applications materials as polymer-based materials because of the "properties mismatch". This issue of the polymer-based materials for repair applications deserves a more detailed discussion.
Our concern with compatibility should be not solely with the materials themselves, nor with the uses to which they can be put, but rather with the middle ground, the grey area of overlap with existing concrete -the lasting successful union. Here significant advances are still to be made in correctly matching the organic polymers and concrete, in order to ensure that this combination of dissimilar materials provides an acceptable long-term service. A better understanding by the engineer/specifier of the fundamental properties of polymer-based materials will help to avoid premature failures, will lead to greater composite durability, and, therefore, to more innovative applications.
There is a need for a clearer appreciation of those physical properties which may well provide the key to successful and durable use of polymer-based materials in concrete repair. An integral part of this appreciation is the assessment of the likely consequences of the "mismatch" of properties, e.g. coefficient of thermal expansion, modulus of elasticity, and creep. Furthermore, it must be ensured that the properties required are actually obtained under the prevailing site conditions. Underlining this assessment is the further need to make a clear judgment of the relevance of the "supporting" test data and the methods used to obtain it.
The differences in properties, whether it is cement-based or polymer-based repair material, is crucial to the successful use in conjunction with the existing substrate. Success or failure of application depends on recognition and overcoming a potentially destructive mismatch, either by techniques, additives, and/or by use of an appropriate polymer type. In these uses certain key properties of both the repair material and the substrate must be clearly identified. Failures can often be attributed to a lack of clear recognition of fundamental differences, the relative strain rather then the stress tolerance of a polymer-based material and concrete being a frequent example.
My point is, therefore, to emphasize that there are always property differences, mismatch between any repair materials and concrete substrates which may lead to application and performance problems. The choice of the best material for a given repair application is, of necessity, an optimization. It always should be carried out with as full knowledge as possible of the relevant properties.
Compatibility/durability design of repair systems does not need to involve calculations comparable with those for structural design and safety. In this context, design does not equate to analysis, and much more emphasis is required on conceptual design (in developing an adherent defensive strategy) and on specifications and design details, which both make construction easier and hence better, and are known to work in providing resistance to transport mechanisms and risk of premature failure.
CONCLUDING REMARKS
1. The durability of repaired concrete structures is a highly complicated problem whose solution must be based on a scientific analysis of and research into the various electrochemical, physical and chemical processes that affect the successful performance or premature failure of the repair. It should also be ensured on a basis of daily practice, from the design through construction methods to the maintenance of structures.
2. Professional activities and literature all over the world have accorded considerable attention to the durability of concrete repair all along. A considerable amount of research studies presented and published in the last 15 years notwithstanding, there are still not enough guidance, data or information available today to enable us to deal with the durability of concrete repair. Yet an adequate scientific knowledge and understanding of the problems is just that thing that could help us in making repaired concrete structures long-lasting and more economical.
3. Mathematical modeling of the service life of repaired structures can effectively take account of many relevant and simultaneously acting parameters, provided sufficient is known from properly performed condition evaluation and analysis of the effects of the individual factors alone and in combination with other variables. 4 . Better understanding as a result of progress of science does not of itself bring greater freedom, of course, but it does imply that the bound of possibility can at least be more clearly defined and hence how near they might be approached. At a minimum this should assist in more efficient and economic use of resources, as well as in improving endurance. At the same time it can provide scope for stepping further in new directions by indicating where they might (or perhaps should not) lead.
5. Perhaps the author has been fortunate enough by being given the opportunity to discuss some shortcomings within our industry about which all of us should be concerned. Like all of the presentations of this conference, with their variety of subjects, approaches and scopes, the main purpose of this paper can be summarized by quoting a verse from Longfellow about the building of a ship:
Build me straight, O worthy Master! Staunch and strong, a goodly vessel,
That shall laugh at all disaster, And with wave and whirlwind wrestle!
